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-  :  

 1:50,000  

-  : 

 

-  :  

 

   

        

     

  

   

  

    

   

   

  

  “ ” 

  

 (  ) 

2.2   

2.2.1  

  

 (Generator) 

 5   220V  50Hz 110V  60Hz 
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   (Water Supply) 

 (Reservoir)  (Penstock Pipe)  (Turbine & Generator) 

 (Electronic Controller)  (Mechanical Load)  

(Distribution System)  (Consumer Loads)  

    

   

    

    

     

  2-1 

    

 

 
 2.1  (Phillip Maher and Nigel Smith: 2001) 

Micro Hydro Power System
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(1)   

  

  

   

   

(2)   

   

(3)    

penstock  

   

  20  20 

 

(4)   hydraulic power  hydro power 

 

 (nozzle)  case  750-1500  

 

  

(5)

 

   

   

 

 (W)   (kW)  100   1 

  5  

  3   

  

  2.2 
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 2.2 

(Phillip Maher and Nigel Smith: 2001) 

 

 

  30 %  

   

    

  net head  

 (Efficiency) 

 

  70% (  30 %) 

 

 40%  50%   2.8  

  2.8 ×45% = 1.26  

(1)    

 

    

 10 %    

  

(2)   
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(3)   

  

  

  

  

2.2.2   (Hydro Power Plant) 

 

 

  

 

 

  2  

 

 6   (

:2008) 

(1)  ( Large -Hydro)  100   

 

(2)   (Medium-Hydro)  15 – 100 

  

(3)  (Small-Hydro)   1-15   

 

(4)  (Mini-Hydro)  100  

 1   

(5)  (Micro – Hydro)  5 

  100   

 



18

(6)   (Pico – Hydro)  5   

 

  

4   

(1)  (Run-Of-River Hydro power Plant) 

  

 

(2)  (Regulating Pond Hydropower Plant) 

 

 

(3)  (Reservoir Hydropower Plant) 

 

(4)

 

 

2.2.3   (Turbine) 

  

  2  

 2.1 

(1)  (Impulse Turbine)   

 

(bucket)  

  

   

                 

P= P2 =Patm = 101.3 kPa 

     3   
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-    (Cross 

Flow Turbine)   (Banki Type)  

-   

(Turgo Type)  

-    ( P e l t o n  T y p e )  

 (Pelton Type) 

   

   . .1880   

.  (Lester A. Pelton) 

     

 18-22    15  

  

   

 2  

 

   

  

 2.3  (    : 2543) 

(2)  (Reaction Turbine) 
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   (Draft Tube) 

 

-  (Francis Turbine) 

  

   

   

   

-  (Kaplan Turbine) 

  

    

 (Propeller Turbine) 

  

    30    

  

  

 (Full Load) 

    (Viktor Kaplan) 

  

  

  

   

      

   

    

 

 3-6  

 (hub) 

 15-20% 
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 ( Part Load) 

  

-  

 

-

    (Turbulent Flow) 

 (  Shock) 

  

   

 2.4    (    : 2543) 
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 2.2  ( :The British HydropowerAssociation,2005) 

Turbine 

Type 

Head classification & Power capacity 

Low( <10 m) Medium (10 – 50) High (>50 m) 

Impulse Tinny Crossflow 

~200W for Battery 

charging Tinny Turgo 

(up to 1 kW) 

Crossflow 

Variation Turgo (7 

kW) 

Multi –jet Pelton 

Tinny Pelton Wheels 

(Peltiric Set) up to 5 

kW 

Variation Turgo (1 

kW) 

Multi –jet Pelton 

Reaction Francis 

Propeller (up to 1 

kW) 

Kaplan 

Francis (spiral case)  

 

 

 2.5     

 ( :The British HydropowerAssociation,2005) 
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   (Head) 

  

  

-  -  

     

    

  2.3 

2.2.4  (Head and Flow) 

    

      

(1)  (The Gross Head) 

  

  

  (Net Head)  

(2)  (Flow Rate)  

1      

2.2.5  (Power & Energy) 

     

  -    1 -  3,600,000  

  1   ( 1  = 1    ) 

 

    

                                            P = gQH              

 P      

       

      1,000 kg/m3 

  g      9.81 m/s2 

  Q      

  H      
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2.2.6  

 

  2.6 

 

 2.6   

Synchronous Generator  Alternator 

 (DC. Generator) 

 Armature   

   (DC. Generator)  

Armature   Alternator  Armature 

 Stator  Rotor 

(1)  Generator 

 (Electromotive Force Equation : e.m.f.) 

 Michael Faraday 

 Electromagnetic Induction  

 1 : Whenever a conductor cut, magnetic flux an e.m.f. is induced in that 

conductor 

 2 :The magnitude of the induced e.m.f. is equal to the rate of charge of 

flux linkage 

Battery 



25

 

 

 2.7   

 

 

 2.8   Induced e.m.f. 

  induced e.m.f.  Conductor  

     

 induced e.m.f. 

 

 

 2.9   

 

 



 2.10 

  

  

  2  

2.11) 

 

 wavefo

, 

 2.1

orm 

1  

26

 

  

 

 (Rotor) 

 

 2.9

(Stat

 

9 

 

(Rotor)

tor)

 a,b 

  2-3  

  

  

 (  

(Stator)  
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  (Stator)  

(Rotor) 

(Rotor)   0o   90o  

  90o   180o    

 180o 

   

 1   1  

   

 (Stator) 

  

 (  2.12)  

 

   Sine 

Wave  

 

 

 

 

 

 2.12   
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(2)  RMS  

    1  

 

     

 RMS  (  2.13)  RMS   

Sine Wave   0.707  

 

 

 

 

 

 

 2.13  (RMS)  

(3)  

 2   Sine  1  

 2  60   60  (60 

Hz)  60  3,600   

    2  50 Hz  

 3,000   2.14  (Rotor)   4   2 

 2  

 

 

 

 

 

 



 

 

 

 

(4)

       

 

 

 

 

 2.14  

 f =  

   -   

-   

 36 

(Rotor)

Ns

(Hz), P = 

 

  

 

(R
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P
120f   
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Rotor) 

(Rotor)
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/   

, Ns = 

 

otor) 

 

or)

   

 

 

 

   4  

 (

 150 - 200

 60 Hz 

 

) 

0 

 200 



(5)

(  2.16)

 

  3  

 2.15 

 

 

 1 

 2.15 

 

 2

 2.16  

 (

 55 

30

 

 

 

 

 

 

2 
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tator)

 

 

 

 

 60 Hz 

 1  

 (Stator) 

 

  120o 

 2  

) 

 2 

 

  

 

      

 

120o 

   



 

 

 (Stator)

3  (  2.

 

 

240o

)  Neu

.18) 

 Ne

 

 2.17 

utral  

 2.18 

 3  

eutral 
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(S

 (  2.17)
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Stator) 3 

) 

240o 

  3 
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120o  

  

 



  

 

 

 

 2.19 

(6)
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A Balanced L

 Neutr

 

 

tral 

(

 Neutra

 

eutral Ground

Load) 

ral  

(Stator) 

al  

 

  Neutra

ding Transfor

  (Sta

 (

, 254

  

al 

rmer (NGT) 

 (Sec

ator Ground

 Neutral 

(  2.19) 

 (

46) 

Neutral 

  

 

ondary)  

d 

 

 CT 

 

 

NGT 

 



 2.20 

2.3

 

 3 

2.3.1

2.3.2

 

Neutral

 (
 

-

 

-

 (HRD) 

 

(1)

  

(Knowledge 

  

 

 

 

   

 (Exp
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Managemen
  KM 

 

 

 

 

plicit Knowl

 

 (

nt-KM)  
 

 

 

 

 

 (ICT) 

 

  2 

ledge) 

, 2546) 

 

  

 

  

 

 

 

 

  

 

 

 (OD)

   

 

 

 

  

 

 

) 
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(2)  (Tacit Knowledge)  

  

 2   “ ” 
    

   ( 2-21)  
“ ”  

  

 (  2-21)  

  2   

 Tacit  Explicit  Explicit  Tacit 

 
 2.21  (  : 2548) 

  

   

  3   2.22   

 
 2.22  (  : 2548) 
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-  “ ” (Knowledge Vision- KV)    

   “  KM 

 ?”  “ ”  “ ”   KM  

 “ ”  “ ”   

-  “ ” (Knowledge Sharing-KS)  

  “ ”  “ ” 

  “ ” 

   

  

-  “ ” (Knowledge Assets-KA)  “ ”  “

”  “ ”  “ ” 

 “ ”   

   

2.3.3  

(1)  (CEO)    “ ”  

 (   KM) 

   “

 ( )”  KM   

(2)  (Chief Knowledge Officer-CKO)   “

”    

“ ”    “ ” 

  “ ”   “ ”  “ ” 

 “ / ”   “ / ”,  “ ” 

     ,  

 (empowerment),  share   

  “ ” 

,  

 , 
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(3)  (Knowledge Facilitator-KF) 

  “ ”  

  (“ ”)  (“ ”),  

“ ”    

 “ ”     “ ”  “ ”  “

”  “  ”  “ ”    

“ ”  

  “ ”   “ ” (Peer Assist) 

 “ ”    

    

      

  

      

     (COP – Community of Practice)  

 

(4)  (Knowledge Practitioner-a KP)  “ ”   

  

90-95   “ ”  “ ”   (Explicit 

Knowledge & Tacit Knowledge)      

 “ / "   

(5)  (Network Manager) 

  

  

2.3.4    

  2-3    

   2-3 

     

 

(1)  

(2)  
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(3)      

(4)

 

(5)  

(6)  “ ”  

(7)  

(8)   

(9)  

(10)  

2.3.5    2.23 

 

 2.23  (   , 2549) 

(1)  (Knowledge Management Team) 

  

(2)  (Behavior Management) 

   

- Knowledge identification 

 

 

- Knowledge development and acquisition  
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- Knowledge sharing and distribution 

   

   

 

- Knowledge utilization 

  

 

- Knowledge retention 

  

(3)   2 

  

-  

-     

Dialog  ,  ,  on/off site  , 

  ,  E-mail , 

 (KM Week) , Webpage 

(4)  Knowledge Portal  

   

 

   

   

(Web-based Environments)  

Knowledge Portal  

-    

-  

-  

-  

-  

-     

 Knowledge Portal  2  
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- E-Library  E-Library 

- Web Page   

 Inter-library 

- Net meeting 

  

(5)  

  

Training Roadmap   

   

  Trainer and Mentor 

   

    

(6)  

 

(7)  3     (System Performance Phase) 

 Knowledge Portal  System 

Performance   

-  Hit rate  

   

-   IP Counting 

   

-    

 

-   Knowledge Portal 

   

-   

  

 (Output Performance Phase)  
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-  (MTS)  

-  

-  

-  

-  TCPI2 

-  (Error free projects) 

-  

 (Outcome Performance Phase) 

  

 (Return on Knowledge: ROK) 

 

  Best team 

award, Best performer award, Knowledge sharing recognition, Trainer and Mentor award, etc. 

2.4  

     

 

2.4.1  (Design and Analysis of Experiment: DOE) 

 

  

  

 (One-Factor-at –a-Time)  

  

   

 (

) 

( ) 

 ( )      

 One-Factor-

at –a-Time   One-Factor-at –a-Time 



Effect)

 

 z

 

 2.24 

 

(1)  

(2)  

(3)  

(4)  

 

(1)

(2)

1 2, ,..., pz z z

 

 (  

 

 (X
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) 

 

  x 

   x 

  

 

X) 

 

1 2,z z

x

 

 ( :

 

 

 

 

 y 

 y

 

 

 

2 ,..., pz

 Montgomery

  

  1 2, ,...x x

y 

 

y 

y 

 

 

 (In

 

 
y, 2005 ) 

., px  

y 

 y  

 (Y) 

 

 3 

nteraction 

 2.24 
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      (1)    (Replication) 

 1   

  

   

  

 

 

(2)    (Randomization)  

 

  

     

 (3)    ( Blocking  Control )  

  (Precision)   (Noise , 

Nuisance , Factors)  

 

    

  

2.4.2  (Experiment of Factorial Design) 

 2k  

 k   2    

      

   2  “  ”  “   ”  

  2 x 2 x 2 x 2 ……x 2 = 2k  

 2k 

  

   k 

 

  2k  2   
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2.4.3  22 Factorial Design 

 2k  2  A  B 

 2   22 Factorial Design  

   2.6 

 (Treatment Combination)  4 

  A  A, B  B  AB 

 A  B    

 A  B   –  +  A   B   –  A  

  +  –  B   + 

 

 (Treatment Combination)  4 

    a   2-

25     A   B ,  b  A   

B   ab   (1)   Run 

     

 
 2.25   (  : Montgomery, 2005) 

  2    (1),a, b  ab 

 n    A 

 (  

 A )   ( )  (1) 

 

2k

22

2k

2k

AY

AY



44

 

 B 

 ( )   

( )  (2)  

 

 AB 

 [ab  (1)]  (a  b) 

 (3)  

 

 

   

  (Analysis of Variance) 

 Sum of Squares  A, B  AB  ()  Contrast 

 A  (4)   

 

 

 

 Contrast  A            

 Contrast  B  AB  3 Contrast  Orthogonal  Sum 

of Squares   Contrast 

 Contrast  (5 , 6 , 7 )  

(1)   = 
2 2

1  = [ (1)]
2

A AA Y Y
ab a b
n n

ab a b
n

BY

BY

(1)   = 
2 2

1  = [ (1)]
2

B BB Y Y
ab a a
n n

ab a b
n

(1) = 
2 2

1     = [ (1)]
2

AB
ab a b
n n

ab a b
n

2k

(1)AContrast ab a b

(1) 

(2) 

(3) 

(4) 
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 Sum of Squares  (2 ,8)   

  

    Degrees of Freedom  4n-1  4(n-1) 

 (9)  

 

 (Residual 

Analysis for Model Adequacy) 

  (      )  (     ) 

 ( )  (10)   

 

 3  

(1)   (Normality 

Assumption)   2.26 

 

 
 2.26  ( : Minitab 

Version15) 

2

2

2

[ ( 1]
4

[ (1)]
4

[ (1)]
4

A

B

AB

ab a b aSS
n

ab a bSS
n

ab a bSS
n

22 2 2
2 ...

1 1 1 4T ijk
i j k

YSS Y
n

TSS ErrorSS

Error T A B ABSS SS SS SS SS

ije

ij ije y

(5)

(7) 

(8) 

(9) 

(10) 

(6) 

yi

yi  
^ 

yi  ^ 
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 2.27  (  :  Minitab Version 15 ) 

 2.27 

(1)  (Constant Variance Assumption) 

  2.28 

  

  

 

 
 2.28  (  :  Minitab Version 15 ) 

(2)  (Independence Assumption) 

  2.29 
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 2.29  (  :  Minitab Version 15 ) 

 

 

        

 

 3  

2.5.4    (The Regression Model) 

             

  (Regression Model)  

 (Space Spanned)  

 (First-Order Regression)  (11)  (    , 2545 )  

                 (11) 

       

 (12)  

                 (12) 

ij ije y

2k

0
1

k

i i
i

y x

0
1 1 1, 1

k k k

i i ij i j
i i j j

y x x x

yi  ^ 
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2.5  

2.5.1   

 

 

 

 

(  , 2541) 

  

 

 

 

   3  

(1)  (Net Present Value Method : NPV)  

 

NPV = 
1

( )
(1 )

n
t t

t
t

B C
r

(13)

 

Bt  =  1,2,3,…..n 

Ct  =   1,2,3,…n 

r    =   

t   =    1,2,3,….n 

n    =   
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(2)  (Benefit Cost Ratio : B/C Ratio) 

   B/C Ratio  1 

 

B/C  = 1

1

/(1 )

/(1 )

n
t

t
t
n

t
t

t

B r

C r
    (14)

 (Benefit Cost Ratio : B/C Ratio) 

 

 

 

 

 

 2  
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 (Benefit)  

 

(3)  (Internal Rate of Return : IRR)  

 

 

   IRR 

     

 

  IRR  2   

 Trial and Error  

  IRR  r ( )    
1

( )
(1 )

n
t t

t
t

B C
r

 =    0        (15) 
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 Interpolation 

  IRR = [r L + (r U – r L)] * [ ( )
( )

L

L U

NPV
NPV NPV

]         (16) 

r L =  

  r U =  

  NPVL =  

  NPVU =  

 

 IRR  IRR 

  IRR 

 (  , 2546) 

(4)  (Payback Period)  

 

  (Patent) 

   3-5  

 

0 = -P + NCF (P/A,i,np )           (17) 

0      = 

 

   P      =  

   NCF =   
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(5)  

 

 

 “ ” 

 

 (Sensitivity Analysis) 

 Switching Value 

 (Breakeven Analysis)  

(6)   (Sensitivity 

Analysis)  NPV  IRR 

 NPV  

 

  

 NPV  IRR  NPV  IRR 

  

 NPV  

(7)  
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  (Assessment of 

intangibles) 

  IRR. 

 

(8)  

   

   

 

 

 

 

 “  (With Project)” “  (With Out Project)” 

 

  (Sunk Costs) 
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  (Transfer Payments)    

 

 

  

   

 (Incremental Costs)  (Incremental Benefits) 

2.5.2   

    

 

  

  3   

(1)     

                      (2)   
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2.5.3    

 200   

(1)    (

) 

-  25  

-   25  

-      25  

(2)     ( , 2539) 

    (2.1)       

-     2%   

-     1%   

-       1%    

(2.2)   1.5 %    

(2.3)       1%    

 

2.6  

Sir Ronald Fisher 

 20 

 

 (Full Factorial Design) 

 

(Response Surface Methodology ; RSM)  ( Montgomery: 2005)  
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  (Curvature Analysis) 

   

 

 

 

  ,  (Central 

Composite Design; CCD)  -   (Box - Behnken  Design ; BBD), 

(Orthogonal Arrays),  Plackett-Burman

 Montgomery et al. (1999) 

 
5 1

2V   (Desirability Function)

   Y. W. Shew and C. K. Kwong (2002) 
5 1

2V
  

 

    Avanish D. and Vinod Yadava Y. (2008) 

 

  

 

 

  

     

 (    : 2550 ) 

 2k  

    

 

   3  
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 Response optimizer       

 

 Trezona R.I. et al. (2000)  

 52  

       

  

 log  

 

Yoldas S et al. (2006)  32  

 

    

  

   Sisal 30  

  medles  K. et  al. (2007) 

 32  Yoldas S et  al. (2006)  MODDE 5.0 

 

  60  

   31.105   06

 


